Abstract：Landslide damming is an important disturbance factor in the river evolution of mountain belts and may control river morphology at variable timescales. This temporal aspect is mostly discussed in terms of the spatial relationships between the dams and river longitudinal profiles within any given region. Largely lacking are detailed studies of the geomorphic response for individual dams. Here we present field evidence and 24 optically stimulated luminescence (OSL) ages that show the history of a landslide dam in an upstream reach of Yangtze River at the southeastern margin of the Tibetan Plateau and its influence on river evolution. The distribution of lacustrine ages suggests that there was only one long-term damming event, induced by landslide blocking the river. The dammed lake formed at 12.1 ka, and disappeared at 7.5 ka. The estimated dam height was 120 m, lake area was 96 km 2 , and lake volume was 7.5 km 3 . In addition, the grain size and distribution of lacustrine deposits indicate the dam failed cataclysmically when the lake finally drained. Today, the river long profile upstream of the dam site remains lower and the channel is wider in contrast to the downstream reach. Consequently, the former dam still influences channel morphology. Our study shows that the interaction of landslide dams with the rivers in the southeastern Tibetan Plateau may impeded valley incision and headward erosion in those cases where damming continued over periods of several thousand years.
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Although rivers occupy a relatively small area of the Earth's surface, rivers are a key force for controlling regional landform development (Whipple and Tucker, 1999; Whipple, 2004) , and often river longitudinal profiles are used as the key indices for describing tectonics and surface processes (Kirby and Whipple, 2001; Clark et al., 2004; Yang et al., 2015) . However, recent studies have suggested that natural dams have a proportionately larger role in controlling river evolution over timescales of 10 4 -10 5 years in mountain terrains (Korup, 2006; Korup et al., 2010; Walsh et al., 2012; van Gorp et al., 2016) in contrast to tectonics, climate, lithology, and regional base level changes. Consequently, it is important to understand the influence of dams, before changes in river channels can be used to infer the roles of other forcing factors.
Dams can affect the evolution of the river longitudinal profile in two contrasting manners. Dams can impede incision and produce local to regional knickpoints in the rivers longitudinal profiles. Previous studies argued that glacial and landslide damming of major rivers helped maintain plateau topography through impeding headward rivers incision into the Tibetan Plateau (Korup and Montgomery, 2008) . Other studies also have found a correlation between knickpoints and dams on the rivers in the southeastern Tibetan Plateau (Ouimet et al., 2007) , the central Nepalese Himalayas (Walsh et al., 2012) , the New Zealand Southern Alps and the Swiss Alps (Korup, 2006) and the Tien Shan . These studies indicate that damming prevents or reduces bed level degradation in the backwater reaches upstream of the dams. In contrast, when natural dam fail, dammed lakes can generate outburst floods, that will to incise through valley fill or bedrock, and promote valley erosion and headward incision. The results
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4 from a study of the Sicachen glacial dam in the eastern Karakoram (Scherler et al., 2014) and 17 landslide dams in eastern Oregon (Safran et al., 2015) support the later effects.
So, the effects of the dams on rivers still require additional investigation.
In previous studies, the focus mainly has been on the relationship between dams and the longitudinal profile of the rivers in specific regions to analyze the general geomorphic response (Ouimet et al., 2007; Korup and Montgomery., 2008; Walsh et al., 2012) . There have been few studies of the geomorphic response of a river channel to the imposition of a single natural dam. Here we present the evidence for, and the optically stimulated luminescence (OSL) age of, one large paleo-landslide dammed lake -Baimakou -in an upstream reach of the Yangtze River at the eastern margin of the Tibetan Plateau (Figure 1 ). Further, we discuss the broader geomorphic effects of this dam.
Sampling and methods
Study area
The research area is located in the Sichuan-Yunan orogenic block, at the southeast margin of Tibetan Plateau (Zhang, 2013) . Historically there have been many large earthquakes along this block boundary. The Luquan M6.1 earthquake occurred near the study area in 1985 (Wu et al., 1990) (Figure 1 ). This area typically is a high elevation, low-relief landscape dissected by river gorges that are broadly distributed along the plateau margins (Clark et al., 2006) . The study area frequently experiences large landslides and the rivers are highly susceptible to landslide dams. Close to the study area, an historic landslide (1935) blocked the Yangzte River for three days, having formed a 50 m high dam, named the Luchedu dam (Li, 1996) .
Geomorphic field work and sampling
To examine the evidence for and age of the dammed lake, we inspected several dozen cut banks distributed over more than 40 km along the Yangzte River and its tributary, the Longchuan River. We logged in detail 32 lacustrine sections, searching in particular for evidence of paleolakes. In the field, we measured the heights and thicknesses of 32 lacustrine deposits. We mapped the position, altitude, relative elevation to river levels using a laser TruPulse 200 range finder, and handheld Trimble Juno 3B GPS (global positioning system) devices with a real-time difference GPS system. The elevation is obtained using a hand-held GPS to record the latitude and longitude of site, which coordinates are input to the DEM of 1:50000 using ArcGIS 10.1 and the final accepted altitude read from the DEM.
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After detailed fieldwork, seven lacustrine sections were selected to represent the lacustrine thickness for sampling for optically-stimulated luminescence (OSL) dating at well-spaced locations in the vertical. One hundred and thirty-one grain size samples were collected from the Najiu section to aid the interpretation of lake evolution.
OSL dating
The OSL samples were collected from cleaned profiles using steel pipes, ~4-cm in diameter and~20 cm long, in homogeneous deposition characteristics within 30cm
where possible. Twenty-four luminescence samples were collected. In the laboratory, extraction of quartz from samples and the OSL measurements, were performed in the red-light room. The outside part of the sample was first removed to measure water content and dose rate. Next, the residual samples were treated with 10% HCl for removal of carbonates, and then with 30% H2O2 for removal of organics, respectively.
The remaining inorganic fractions were sieved to separate the dominant component of 38-63 μm, which were then treated with 35% H2SiF6 to remove feldspars. Then 10%
HCI was used to remove fluorides (Lai, 2010) . The remaining quartz grains were pasted with silicone oil onto the middle part (0.3 cm dia.) of 1-cm-diameter steel cups.
OSL measurements were performed using an automated lexsyg research device model (Richter et al., 2013) , with an internal 90 Sr/ 90 Y beta flat source (0.120 Gy/s). Blue light-emitting diodes (λ = 460 ± 20 nm) were applied to optical excitation for quartz grains. Luminescence signals were measured using a 9235QB photomultiplier (PMT)
tube installed with Hoya U-340 filters.
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The content of radio-elements (uranium (U), thorium (Th), and potassium (K)) was detected using the neutron activation method in the Chinese Atomic Energy Institute.
Paleowater contents were estimated based on measured water content, paleo-process and modern average annual precipitation, using 15% with errors of ±5% for all samples as the paleomoisture content. The cosmic ray contribution was determined based on the burial depth and the geomagnetic coordinate of the research sites (Prescott and Hutton, 1994) .
To determine the suitable preheat temperature, preheat plateau tests were carried out on BMKL1. De values of three aliquots were detected under each preheat temperature ranging from 180 °C to 300 °C with 20 °C uniform intervals. A preheat plateau of the De values between 220 and 260 °C was obtained ( Figure 2A ). Thus, the optical measurements were performed after heating at 260 °C for 10 s on natural (N) and regenerative doses, and cut-heat to 220 °C was used prior to test dose (TD). For 38-63 μm quartz, the α-value of 0.035 ± 0.003 was used for dose rate correction (Lai and Brückner, 2008) .
Dose recovery and recycling ratio tests were carried out to check the reliability of the SAR protocol. We used BMKL1 for Dose recovery tests. The 48 Gy is used as natural De values for 24 aliquots from 180°C to 300 °C with 20 °C intervals. The ratios of the measured dose to an additional dose are between 0.9 and 1.1, proving the reliability of our OSL results ( Figure 2B ). Aliquots with a recycling ratio outside the range from 0.9 to 1.1were not used.
Equivalent dose (De) determination
The combination of SAR and the standard growth curve (SGC) protocols has been applied successfully to date other lacustrine deposits (see summary in Lai et al., 2014) . (Table S1 ), suggests that the SGC method could be used for De determination.
The final De was determined by the mean of all SAR De values and SGC De values.
Geomorphic analysis
To learn more about the effect of the landslide dam on the river channel, the channel width was measured using Google Earth images (date: November 26 th , 2016) by calculating the width using the Thiessen Polygons method within the platform of ArcGIS 10.1. The channel width selected is the modern wetted-width calculated every kilometer over 300 km. We also extracted the river longitudinal profiles and calculated the channel slope using the 90 m SRTM (Shuttle Radar Topography Mission) digital elevation model. The elevation was extracted from every cell of the SRTM. The slope was calculated for every kilometer reach. In addition, the area and volume of the Baikou palaeo-dammed lake were also calculated using SRTM data.
Results
Lake sediments within the study areas
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and the only bed of coarse pebbles was found within the Baimakou profile ( Figure   S1 ). All profiles lie on the Yangtze River and the Longchuan River, and there were no visible depositional hiatuses or unconformity contacts in any of the studied sections.
These lacustrine deposits have the following characteristics. Firstly, all lacustrine deposits are distributed within a narrow strip along the valley margins on both sides of the Yangzte River (Figure 1 ). The distribution of 32 lacustrine sections (Table S2.) surveyed reflect the narrow lake morphology, and the altitude of every section is between 912-1030 m asl ( Figure 3 ). Second, lacustrine sediment at each section tends to overlies pre-lake strata that differs from neighboring sections. This result indicates that there was no uniform geological substratum within the lake basin before the lake formed, which can be explained more clearly in Figure S1 ~S5.The lacustrine sediment of the Baimakou section overlies fluvial pebbles ( Figure S1 ). The lake deposits of the Xincunliang section overlie metamorphic rocks ( Figure S2 ). The Dawanzi section overlies red diamicton, that may be a debris flow deposit ( Figure S3 ). The Najiu section overlies the red Yuanmou Formation, which is famous for being the formation within which the first specimen of Homo erectus was discovered (Hu, 1973 ) ( Figure   S4 ). Third, the tributary valleys on both sides of the river are also filled with lacustrine deposits ( Figure S5 ). This phenomenon indicates that the formation of the valleys and the course of the river is earlier than that of the lacustrine deposits. These characteristics of the lacustrine deposition suggested it formed by a main valley damming event.
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whereVisthe volume(m 3 ),Aisthe area(m 2 ),andαandγarepower-lawscalingparameters;α=0.23 and γ=1.41 were used (Larsen et al., 2010) .
OSL dating results
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11 Figure 5A shows the representative OSL decay curves of YJTL6. The OSL signals decreased rapidly in the first second of stimulation, showing that the OSL signal was based by the fast component. Recuperate signal of all samples when there is no irradiation was below 1%. Figure 5B shows the growth curves and SGC for sample YJTL6. Taking YJTL6 as an example, its De values show a normal distribution and a tight symmetric peak, suggesting that the residual signals were generally fully bleached prior to deposition ( Figure 5C ). All eight growth curves were not saturated by 50 Gy and can be well fitted with the exponential plus linear equation. The OSL ages are shown in Figure 6 and are also listed in Table S1 .
Discussion
The age and extent of Baimakou dammed lake
The 24 OSL dating results were all from within the age range of 7.0 ka to 14.8 ka ( Figure 6 and Table S1 ). The OSL ages at the top of the Azhuhe, Mamula, and Najiu sections were relatively older than ages in the lower part of its section ( Figure 6B , C and F). This apparent age inversion may be caused by the measuring error of the dose and the annual dose rate, because it can be overlapped to lower dating results in the range of the two times standard deviation. In addition, the other five samples near the top of the lacustrine deposit (within 5 m and 30% upperpart) were between 7.0-7.8 ka.
The age of these three samples is relatively dispersed between 8.5~14.8 ka. Therefore, these three ages were not involved in determining the age of this lake. If the standard deviations are considered, the other OSL ages were all in stratigraphic order in sections, which allow us to have a strong confidence in the reliability of these remaining OSL ages.
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Four dating results at the top (within the top 2 m) of four lacustrine sections (Baimakou, Mamula, Xincunliang, and Jiangtou) could be used to indicate the timing of the end of the dammed lake. The five ages were similar, ranging from 7.3±0.8 to 7.8±0.6 ka i.e. within the Holocene (Walker et al., 2014) . The middle age of five top ages (7.5 ka) was selected as representative of the date indicating the end age for the dammed lake. Except in the case of the Azhuhe section, the base of the lacustrine sediments was observed in the other six sections. Except for the age of 7.0±0.5 ka at the base of the Mamula section ( Figure 6C ), the five other age determinations were within the range 10.1±0.8 to 14.1±0.8 ka. The middle age of five base ages (12.1 ka)
was selected as representative of the date indicting the formation age of the dammed lake. In addition, within the lacustrine sediments, as noted above, there were no stratigraphic discontinuities or evident of erosional contacts found in any of surveyed sections. Consequently, it is concluded that the paleo-dammed lake formed at about 12.1 ka and sedimentation was more-or-less continuous until 7.5 ka; thus, the lake was sustained for several thousands of years.
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Because no detailed analysis of the age and structure of the Baimakou landslide dam has yet been completed, it cannot be deduced why it lasted for several thousand years. Many factors, such as the landslide volume and material composition, as well as the rate of inflow to the dammed lake, would impact the longevity of a landslide dam (Costa and Schuster, 1988) . Other landslide-dammed lakes, such as the Kalopani and Beshkiol rockslide dams, were also sustained for several thousand years .
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Landslides can be activated by a variety of factors including seismic activities, heavy precipitation, and river incision. In addition to triggering the large slope failure that formed the dam, usually, large earthquakes lead to slope instability over large areas of river catchments, potentially supplying coarse clastic materials to the river channel (Parker et al., 2011) . Thus, slope-derived clastic materials then can be transferred into the dammed lake rapidly (Li et al., 2016) . Therefore, coarse clastic sediment usually appears in abundance in the lower sections of the sediment fill of dammed lakes before the formation of clay or silt lacustrine sediments. Such examples occur in the many dammed lakes formed in 2008 (Wenchuan Mw 7.9 earthquake; Liu et al., unpublished data) as well as within the Jintang dammed lake, also in the upper Yangtze River (Higgitt et al., 2014) . In contrast, the silt lacustrine deposits of the Baimakou dammed lake all directly overlie basal strata,while clastic sediment, deposited penecontemporaneously with the limnic sediments, was not found. Therefore, it is concluded that this dammed lake was not caused by an earthquake. Rather, paleoclimate studies show that rainfall in the eastern monsoon regions began to increase during the last deglaciation (at least 14.7 ka) (Chen et al., 2015) , earlier than the formation age of the dam impounding the Baimakou lake (12.1 ka). Therefore, increasing rainfall could have induced the Baimakou landslide by destabilizing hill slopes. However, during the last deglaciation, there was more melt water runoff from the many glaciers in the southeastern Tibetan Plateau (Fu et al., 2013) , increasing river monsoon or glacial-melt runoff should lead to rapid incision and formed T1 in the upstream of Yangtze River (Su et al.,2013) , that also would be
conducive to landsliding and landslide damming of rivers (Azañón et al., 2005; Bilderback et al., 2015) . So, increasing rainfall and river incision in concert possibly induced the Baimakou landslide.
The lake deposits were all at elevations between 912 and 1030 m (Figure 3) . The ages of all lacustrine profiles at comparable elevations were similar (Figure 6 ).
Therefore, we suggested that there was only one stage of sedimentation within a single paleo-dammed lake at Baimakou on the Yangtze River. The elevation of the upper limit of the lake deposits (1030 m) was slightly lower than the maximum altitude of the paleo-landslide (1040 m) ( Figure S9 ). Hence, using the lake surface elevation of 1030 m, the dam was 120 m high, the estimated lake area was 96 km 2 , the volume was 7.5 km 3 , and the lake was 178 km in length.
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The elevation of most lacustrine deposits was much lower than the elevation of lake surface ( Figure 3) . The ages at the top of most lacustrine sections are similar, indicating that most of the lacustrine sections are relatively well preserved and the lake was not filled completely by deposits. In addition, the grain size of the lacustrine deposition will gradually become coarser in the process of lake shallowing due to an increase in riverine and slope washed clastic sediments being concentrated within the topmost lake deposits. However, the grain size of Najiu section does not coarsen upwards ( Figure 7) . So, the elevation data and the grain size data of the lacustrine deposits all indicate that no shallowing processes occurred within this lake prior to its final draining. Rather the lake disappeared abruptly, suggesting an outburst flood happened with the lake drawing down rapidly when the dam failed. Using the average thickness (14 m) of 18 lacustrine profiles from our field measurements as the thickness of sediments in the all of the lake, the water volume when the lake outburst occurred was about 6.24 km 3 . the peak discharge ( 
Implications for the landslide damming influence on the evolution of upper
Yangtze River
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The thick and extensive lacustrine fill in upstream of Baimakou dam at the Yangtze River testifies to several thousand years of protracted upstream sediment deposition.
Although the overall longitudinal profile slope change is frequent (Figure 8 ) , River -also at the southeastern margin of the Tibetan Plateau (Ouimet et al., 2007) where the presence of a dam inhibited river bed erosion upstream of the impoundment. Previous study also reveals similar results in the Himalaya Range, in New Zealand, in the Tianshan Mountains and within the Alps (Korup, 2006; Korup et al., 2006 . However, in the case of 17 landslide dams in Oregon State (United States of America), only four landslide dams elevate the river longitudinal profile (Safran et al., 2015) possibly due to the short-time persistence of most of the landslides.
ACCEPTED MANUSCRIPT
A C C E P T E D M A N U S C R I P T 19
Numerical modal studies have been used to suggest whether or not large landslide dams have noticeable effects on river erosion, depending on the duration of individual dams and their temporal and spatial distribution (Ouimet et al., 2007; van Gorp et al., 2014) . After 7.5 kyr, the geomorphic response of the river to the landslide dam also can be seen today from the measurements obtained within this study. There were many other dammed lacustrine deposits distributed on the upstream of Yangtze River (Xu, 2011; Chen et al., 2013; Wang et al., 2014) . Although further research is needed on other dams, it is possible to speculate that these dams have a similar effect on the river evolution as with the Baimakou dam. We suggest that the frequent pre-historic and historic damming plays a significant role in the incision and deposition along the upstream course of the Yangtze River, thus mediating the modern river bed slopes and channel widths.
Conclusions
A C C E P T E D M A N U S C R I P T for several thousand years. The 24 OSL ages from seven lacustrine sections indicate that a single paleo-lake formed around 12.1 ka, but had disappeared by 7.5 ka. The estimated lake area was 96 km 2 with an altitude of 1030 m, and the volume of the impoundment was 7.5 km 3 before sedimentation reduced this initial volume. It could be inferred from the stratigraphy within the lake sediments that a river incision- 
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Highlights:
1 The 24 ages show the Baimakou dammed lake continued from 12.1 ka to7.5 ka. 2 It was not likely to be induced by earthquake from the lacustrine characteristics. 3 The grain size and distribution of deposits indicated the dam failed cataclysmically. 4 The dams continued few thousand years may impede valley and headward erosion.
